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Greater Yellowstone Area Originated from Elk
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ABSTRACT Identifying the source (11 ill le('tioiis
disease outbreaks is (liffictilt, especially for
pathogens that infect iiiiiltiple wildlife species.
Brtu'elIa S1). are among tIle iiiost problematic
'/.00liOtic agents worldwide, and t h i-v are
notoriously difficult to (li-ti-ct and idetit dv. \Ve
genotype(l 10 variable ntiiill)er of tandem
repeat (VNTR) DNA loci in 56 Bruce//a aI)ortic5
isolates fi'()Ffl bison (Bus 1)1500), elk (Cc'rois
('la))Jt us), and cattle (Bus fait i-its) to test the
wildlife species most likel\ to he the 00gm of
recent outbreaks of brucellosis in cattle in the
(;reater Yellowstone Area. Isolates Iron_I cattle
and elk were nearly identical but highly
(hvergent from bison isolates. These data
suggest elk, not bison, are tile reservoir species
of origin for these cattle mle('tions. This studs'
illustrates the potential power of VNTI-1 geno_
typing to assess tile origin (if disease outbreaks.
Which are increasing worldwide bllowiiig
habitat fragnientatioii, climate change, and
expansion of lliimmui and livestock populations.

Ke, icurd,s': Bison, Bn,cdlla aburtns, elk,
genotvping, DNA,pathogen traiisnnssioii,
reemerging infectious disease, trace-hack
stud'.'. /SX)llOsiS.

Information about the origin and trans-
WjSSjOfl of' infectious disease outbreaks is
difficult to ; lm 'e, especially for diseases
like liri Icellosis that are elusive and infect
iiiultiple hosts, in cluding wildlife (Archie
('t a]., 2008). Brucellosis is perhaps the

]'lost common Zoonotjc bacterial disease
worldwide, causing widespread human

health pi'ollenis, niulljous of dollars in
losses to livestock industries, and poten-
tially u'edu icing wih(lii Ic POPu I latioii i'epl'O-

(lnctiofl rates (Joly and Messier, 2005;
Pappas et al., 2006). Bruiceliosis infects
reproductive organs and causes reproduc-

tion failure and abortions in doiiiestic and
wild nianiinals. 131'11eelhosis in the Creater
Yellowstone Area (G'iA) is caused by
Bruce/la aburius, an intracellular, gram-
negative bactei'iu n_I that is difficult to
isolate and study because it hides in
in acrophages and lylll])h 1_IO(le5 (If the
iluniulne (retic'iiloendotlie]jal) system.

Bison (Bus bison) and elk (Cert:u,s
elapluis) are two alternate wildlife hosts
capable of shedding and transmitting B.
(thur/us in the GYA. Bison often are
mistakenly considered to he the likely
origin of outbreaks in cattle (Bus taunts)
l)ec'atmse the prevalence of brucellosis is
higher in bison (40-60%) than in GYA elk
populations (2-30%; Cross et al., 2009),
I Io'.vever, bison seldom c'oniiigle with
cattle because inanagc-'ui lent agencies ac-
tively prevent bison dispersal and range
expansion outside established conservation
areas (e.g., in and near Yellowstone Na-
tional Park) via liazimig, hunting, and/or
periodic hrncellosis risk-mnanagenient m'e-
niovals. Conversely, elk often cmi lingie
with cattle and can migrate long distances
fromu the 23 winter feeding grounds in
northwestern \Vvmoing where elk are fed
hay by state and federal biologists to keep
then_I away from cattle and ranchers hay
stacks. On the elk k'ecl grounds, bruic'ellosis
prevalence is relatively high ('-20-30%;
Thorne et al., 1979; (,rosset al.. 2009).

The origin (elk versus bison) and
management of brucellosis outbreaks in
cattle are ('oli trove m-sial and uncertain, This
is due to a lack of' data on Bruce//u

1174



SHORT	 COMMUNICATIONS	 1175

I	 I lost sp('ci('s. gC'OgrO4)hi( ()1igill, and war of saltiplilig for 13 tvIIa	 (11)01105 ISl)Iatl'S 1150(1 III

tlit	 StIi(I'.

Host	 (	 apha sigili	 \oar	 No. f I31111!a isolates

Cattk'	 Idaho 1100001(1)	 2009	 19

\\ voiiiiiig \Iiirktv (rock)	 2011.3	 II

Bison	 Nloutitiia Park ( ounts	 1992	 5

MoI!t(Liia (Park ( oiiiitv)	 1995	 1

Moi 11(11 Park ColllItv)	 1997	 2

\lootalia (( ;aIItIo Cowitv)	 1999	 2

1k	 Idaho (I'rooiuolllfFotofl (3oiiitios)	 1999	 2

Idaho ( I'W('l 11011 Ill ototi ( A H iii ties)	 9000	 1

Idaho ( I'rei'inoiitlfetou Cotiiitits )	 20111	 9

Ichtlio (Frl.'1_'O11)IitI1OtOlI Counties) 	 2002	 6

Wsoiiuiig (SuhI('tte COIUiIV Nliiddv (:reek)	 2003	 2

\votiiiiig I .iiicolit ("ouut	 Dog Creek)	 Unkooss	 ii	 I

Montana	 1992	 I

Mi)lltana )\Ia(lison (ooiS)v	 19911	 :3

	

it	 a!	 .56

transmission resulting I mmii the
sellsitivitv of molecular diagnostic tools
and diffIculties ill 	 Bnu'ella From
\\'il(lliIe species. Here, we present mmoiec-
imlar data from highly variable I)NA
markers that suggest elk are the likely
origin of recent outbreaks of hi'iict'llosis in

\\votuing and Idaho. These data also

demitomistrate the USC hilness of highly

ariahle DNA markers ill epidemiiiologie

trace-back studies.
During 1992-200:3, we obtained bacte-

ria isolates of' B. abor(u.s from 25 elk, 10

bison, and 23 cattle From nine locations
across the GYA (Table 1). Bison isolates
were collected (luring winter imtigrationS
out of Yellowstone National Park. when
bison were culled to prevent conuningling
with cattle (i.e., brucellosis i-isk-nmanage-

I I[('[ it  prograll i). Field strait is of B. abe ii its iii

cattle were isolated during 2 yr ol outbreaks,

2002 ill Wyoming and 2003 ill The
isolates are from diagnostic specimens that

had beet cultured, positively identifIed as B.

abortus, and archived by the diagnostic

laboratory at the National \ Teteriitarv Se r
-vices 1 aburatories ( Ai tuna1 and Plant 1 lea]tli

111s1)eetl()]1 Sei'vice APIIISJ, US Depart-
ment of Agriculture) ill Ames, Iowa.

we genotvped all isolates with 10

variable numbers of repeat loci (VNTR;

known as miticrosatellites ill 	 as

described in Bricker and Ewalt (2005).
highly variable VNTHs ill aborlii.s' are

available thanks to recent genUine se-
quences f'romn Bruce/la species (1 lalliig

et al., 2005). The VN1'Bs are eight-base-

1XU 1' repeats that are I tighlv anal ie in

ltutnd)er of repeals and thus useful as
markers for gemiotvping (1)NA "finger-
pruiting) and transmission studies of'
brucellosis. The DNA marker systemI was

called ''I-I O() F-Prim its,'' allaCrollylll for

livpervaniable octamlienic oligonucleotide
lingerpnimits. The marker system has re-
markably high power of discrimimiatiomi
anunig isolates and excellent reliabilit y and

repeatability (Bricker  amid Ewalt, 2005).
\Ve analyzed genetic relationships

among \NIH allelic combinations (i.e.,
liaplotvpes or alleles) using the software

NET\VORK V4.5 to build a haplotvpe

network. A lia j)lotVpe network visualizes

genetic relationships among distinct iso-
lates (genotypes or haplotv)es) mmsimtg hues
to connect liaplotvpes and cross-hatches
oil time lines to represent mutational steps
(see Fig. I). The network was construicte(I
using the median-joining algoritlini (Bait-

(kit et al.. 1999: Almmleil(ira ('t al. 2009),
which is commsidered time most appropriate
algoriti timi to handle nitmltiple-state data
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Fr.uni', 1. II aph)t\ a ' network for the major B nice/la I iaplogroups sliosving that cattle and elk Bruce/la arenearly identical, but they are Inglily divergent from all bison Bruce/la isolates. Haplotvpes consist of linilfile
iflnitilocns alleles f'roin the 10 VNTB loci. I Iaplotvpes from each host species are shown hv a di f'&'n' lit color
and letter: white are elk (F), gray are cattle (C), and black are bison (B). The size of each circle is proporti eal
to the freqnenc of that liaplotype. Each cross-hatch line represents one notation step, assminiing a step\s'ise

ititation model: Some loci had more than one mutation step (repeat unit difference) l)('t\v('i.' liaplot pes
e.g., between the bison and the cattle/elk hiaplogroops ) . Tints, B nice//a haplotvpes of ' bison all di f 'f'r h\ at

least 12 m notational steps from elk and cattle B nice//a hiaplotvpes.

such as 0111'S (e.g., Dos Viiltos et al., 2008).
The network analyses permit reconstruc-
tion of all possible genetic relationships
(connecting lines) among haplotypes and
also allow the visual representation of the
frequencies of' each haplotype. Node
(circle) sizes indicate the number of
bacteria sharing the Same haplotype.

Our results indicate that elk and cattle
isolates are virtually identical genetically,
differing by only one to two itiutational
steps. On the contrary, bison B. abortizs
differed from cattle and elk by 12-20
imitational steps (Fig. I). These results
suggest that the recent brucellosis out-
breaks in cattle in Idaho and \'Vyomiiing
originated from elk, not bison, B. abortus
multiloctis genotypes from elk remained

similar across many years and geographic
locations. For example, elk B. abortiis
isolates from Idaho between 1999 and
2002 were almost genetically identical. B.
abortits isolated iii \Vvoiiiiiig elk in 200:3
were very similar to Bruce//a from Idaho
elk and differed by onl y one to two
mutational steps. These results indicate
that the B. abortus VNTH loci in elk are
reasonably stable between years, and they
also suggest that VNTHs are useful for
trace-back studies to identify the wildlife
species as time source of' brucellosis out-
breaks around time (iYA. The results are
also consistent with the fret that elk more

often comingle with cattle than do bison
because bison management agel icies ac-
tivelv prevent dispersal and range expati-
sion outside established Conservation areas
Via hazing, hunting, and/or removals.

The relatively high genetic divergence
between elk and bison B. abortus isolates
suggests that B. abortus might not be
exchanged extensively between elk and
bison, though additional sampling (includ-
ing more recent bison isolates) and gemmo-
typing are required to assess this issue. If'
true, this finding has important manage-
ment implications. For example, if trans-
mission between elk and bison is rare, then
these two wildlife species iiiiglit be treated

with separate and parallel risk-miiamiagernent
and brucellosis-elimination strategies.

Our results illustrate the potential
power and promise of' molecular genetic
markers to assess the origin and spread of
infectious disease outbreaks, even for
pathogens like Bruce/la, which are difficult
to isolate and have genomes with little
variation (Archie et al., 2008). In fact, two
of 10 VNTH loci were illon()mnorphic
among our Brucella isolates h'omn GYA
bison, elk, and cattle, consistent with the
notoriously low polymorphism in 13 nu'ella
genomes. Our stud y also illustrates that
infectious disease outbreaks are increasin g
worldwide as wild and domestic amlimmials
come in closer contact following h'agmen-
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tation of wildlifr habitats and expansion of
human and livestock populations.
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